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ANTl-LPS FAaOR FROM HORSESHQE CRABS AND METHODS OF USE 

FIELD OF THE INVENTION 
The present invention is in the field of antibacterial pharmaceutical 
compositions and in the field of antimicrobial preservatives. 

BACKGROUND OFTHE INVENTION 

Endotoxins are high molecular weight lipopolysaccharide complexes that are 
released when gram-negative bacteria are disrupted, such as occurs during antibiotic 
therapy when bacteria are lysed. Endotoxins, an outer wall constituent of the gram- 
negative bacteria, are potent stimulators of the inflammatory response which produce 
pyrogenic reactions upon intravenous administration. ; While an inflanunatory 
response that is measured is beneficial in fighting infection, it can be damaging to the 
host when it is uncontrolled, as is the case with sepUc shoc^. 

Bacterial endotoxin is a complex of lipid/ carbohydrate and protein It is 
characterized by an overall negative charge, heat stability and high molecular weight. 
Highly purified endotoxin is a lipopolysaccharide (LPS) that does not contain protein. 
It is the lipopolysaccharide component of bacterial endotoxins that causes 
endotoxemia and septic shock. 

LPS consists of three distinct chemical regions: (1) the phospholipid moiety 
(lipid A), which is the innermost region of IPS aiid the source of toxicity; (2) an 
intermediate core polysaccharide; and (3) an outermost: O-spedfic polysaccharide side 
chain which is responsible for the antigenicity of the endotoxin ' 

LPS fi:om gram-negative bacteria induces the release of mediators from host 
inflammatory cells which may ultimately result in disseminated intravascular 
coagulation (DIC), adult respiratory distress syndrome (ARDS), cardiac dysfunction, 
organ failure, liver failure (hepatobiliary dysfunctioH), brain failure (QJS 
dysfunction), renal failure, multi-organ failure and shod. * 

While there are many antibiotics used against gram-negative bacterial 
infections, due to the increase in antibiotic resistant bacteria, there is still a need to 
identify effective antibiotics. 

SUMMARY OF THE IN VENTIQN 

This invention is directed to pharmaceutical compositions and uses of anti- 
lipopolysaccharide (anti-LPS) factor proteins derived from horseshoe crabs, either in 
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the native fonn or produced by recombinant or syiithetic means. The pharmaceutical 
formulations may be used in the treatment of gram-negative bacterial infections;, 
endotoxemia and septic shock. The invention is further directed to pharmaceutical 
compositions and uses of anti-LPS factor proteins against.i^ by gram-positive 
bacteria. The invention is also directed to pharn\aceutical compositions and uses of 
anti-LPS factor proteins as an antimycotic agent. The pharmaceutical compositions 
may include anti-LPS factor proteins alone or in combination with other known 
antibiotics or antimycotic agents. . 

Finally, this invention is also directed to the use of anti-LPS factor proteins as 
antimicrobial preservatives, eittier alone or in combination with conventional 
preservatives, in cosmetics or skin or hair preparations to prevent or control the 
growth of bacteria, yeast and mold. 

BRIEF DESCiaPTION OF THE DHAWINGS 

Figure 1 is the nucleotide sequence for the gene encoding LALF, Limulus anti- 
LPS factor, with the derived ainino add sequence^^^ 

Figure 2(A) is a graphic representation of the inhibitory effect of increasing 
concentrations of the antibiotic polymyxin B (PMB) on the growth of the gram- 
negative bacteria L coli Figure 2(B) is a graphic comparison of the inhibitory effect of 
inaeasing concentrations of LALF on the growth of £. coli with the effect of a 
combination antibiotic containing 0.06 nucrpgrams/ml polymyxin B and inaeasing 
concentrations of LALF. 

Figure 3 is a graphic comparison of the inhibitory effects on the growth of E. coli 
of (1) 2.5 micrograms/ml ampidllin, (2) 25 miaograms/ml LALF, (3) 5.0 
miaograms/ml LALF, (4) 15 micrograms/ml ampidllin plus 2.5 miaograms/ml 
LALF, (5) and 2.5 micrograms/mJ ampiallin plus 5 miaograms/ml LALF. 

Figure 4 is a graphic representation of the inhibitory effect of 2.5 and 5 
miaograms/ml LALF on uncharacterized gram-positive bacteria isolated from marine 
organisms. 
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DETAILED DESCRIPTION OFTHE INVENTION 

This invention is directed; in part, to the use of anti-LPS factor proteins in the 
preparation of new and more potent antibiotics for treating bacterial and yeast 
infections. It has been discovered that anti-LPS factor proteins front horseshoe crabs 
produce a synergism in controlling gram-negative bacterial infections when combined 
witii antibiotics that are known to be effective against gram-negative infections. New 
antibiotics for treating gram-negative bacterial infections are therefore made by 
combining anti-LPS factor proteins with antibiotics that are known to be effective in 
controlling gram-negative bacterial infections. 

It has also been discovered that anti-LPS factor proteins are effective antibiotics 
for treating gram-positive bacterial infections and yeast iijfectipns. Anti-LPS factor 
proteins also control the growth of mold. In addition to being effective against these 
microbes when administered alone, anti-LPS factor proteins can also be combined 
with one or more known antimicrobials that are effective against gram-positive 
bacteria^ yeast and moid. 

The new anti-LPS factor protein-based therapeutics of the present invention can 
be formulated for systemic or topical administration. 

Finally, anti-LPS factor proteins are useful antinucrbbial preservatives, eitiier 
alone or in combination with conventional preservatives, in cosmetics or skin and hair 
preparations where they prevent and control the growth of a broad spectrum of 
bacteria, yeast and mold for extended periods of tinie. 

/. D^nitions. 

As used in this application, the following Words or phrases have the meanings 
specified: 

"LPS" means lipopolysaccharide which is used synonymously with the word 
"endotoxia" 

"Anti-LPS factor" means a protein isolated from any species of horseshoe aab, 
that is capable of binding to and neutralizing the biological activity of bacterial 
endotoxins. 

"Anti-LPS factor protein" means {l)inti-U^ factor derived from any species of 
horseshoe aab; (2) biologically, active fragments of anti-LPS factor; or (3) 
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biologically active polypeptide analogs of anti-LPS factor, each of which may be 
either recombinant, nonrecombipant, or synthetic. 

"Synthetic analogs means % pp}y^^^^ substantially the same 

amino add sequence as anti-tPS factor and is chemically synthesized. 

"Endotoxin" means atoxin from a gram-negatiye bacterium which is pyrogenic. 

n. Anti-lipopolysaccharide (anti-lP5) factor pnteins. , 

Anti-LPS factor proteins for use in the present invention may be isolated from 
amebocytes of any horseshoe crab! : For example, any of the four known species of 
horseshoe aabs could be used, These species are; Umulus pol\fphmus, Tacfypleus 
gigas, TKhypkus tridentatus and Carcimcropm rolundicauda. Especially preferred 
among these is Umulus plypfiemus, the horseshoe crab which is found along \he Nortii 
American coast The methods for isolating and piirifying native or endogenous 
anti-LPS factor are well known. WO ?2/|)7i5, WO 89/12644, and KloczeuM, M., el 

A preferred anti-LPS fedor protein for use in this invention is the anti-LPS 
factor produced by Umubis polypkmus, called Liraulus anti-IJS factor or LALF. LALF 
may be used in the various embodiments.of this invention as a purified endogenous 
protein and as a recombinant proteia LALF hasj)een isolated, sequenced and 
expressed as a recombinant protein in Sacdiarbmyces cerevisiae, as desaibed in Kup- 
permm, N., rt al, /. Infect. Dis, Vol 170. 630-5 (1994), and as described below in the 
Fichia expression system. Recombinant LALF expressed in fidtia has the same amino 
acid sequence as native LALF andis the prefenred anti-LPS factor protein for use in the 
present invention. Both the gene sequence (SEQ ID N0.:1) and the derived amino acid 
sequence (SEQ JD N0:2) for LALF ti:ansCTibed from yeast preferred codons in Pichia 

are shown in Figure 1. 

Although LALF is a preferred anti-LPS factor protein, the anti-LPS factor 
proteins from the other species of horseshoe crabs, which are approximately 70% 
homologous to LALF, may also be used in the various embodiments of the invention. 

LALF is an ILS-kDa protein that inhibits the biologic effects of endotoxin in 
vitro, including the gelation of limiiius amebocyte lysate (LAL). mirmight, N.R., et 
al, In: Cellubrand Molecubr Aspects of Endotoxin Reactions, NomtnyA.. Spitzer, /./. and 
Ziegler,E.l,eik.,Amterdm:Elseoier.Science, 315-25 (ISSOl 
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The endotoxin neutralizing activity of anti-LPS factor proteins derives from a 
high affinity for the Hpid A portion of endotoxin.- In the horseshoe aab, anti-LPS 
factor is part of an anti-infection pathway of aggregation where rapid degranulation 
and clot formation are initiated when hematocytes containing anti-LPS factor proteins 
are exposed to gram-negative endotoxins. 

Anti-LPS factor protein has a 16 amino add domain that is necessary for 
endotoxin binding and neutralization. WO 92/20715.' This domain comprises the 
amino acid sequence of limulus anti-LPS factor (LALF) from amino add position 30 to 
amino add position 55. Synthetic peptide analogues of LALF have been made, and 
the site of the activity and spedfic sequence needed to bind and neutralize endotoxin 
have been determined. Kloczewtsk, M., et aC fourml Infectious Diseases, Vol 170, 
1490-97(19941 

Anti-LPS factor proteins are single chain, basic proteins that can bind to and 
neutralize LPS. This amphipathic protein has a ridi dustering of hydrophobic amino 
adds at the amino terminal region and an array of baisic amino kids in the central 
disulfide-bonded loop region. When LPS iand anti-LPS factor proteins are mixed, they 
aggregate. The exact mode of binding is uncertain, although it is likely that the 
hydrophobic and cationic amino acids of aiiti-LPS factor proteins interact, respectively, 
with the fatty add chains and the phosphate groups of the toxic lipid A region of LPS. 

The endotoxin binding phenomenon by Limu{us anti-LPS factor is universal 
Studies have shown that LALF binds to and.iiiac^vates endot^ from Kkbsielk 
pneumonias, Serratia marcescens, Salmonella enteriiidis, Eschefidtk coli 0113 wild type, £. 
colt rough mutant (J-5), Salmonella abortus qui, and Lipid A from S. minnesota Re 595. 
WO 92/20715. In these studies, the endotoxin biniihg protein was mixed with the 
endotoxins or lipid A at a ratio of 5:1 to 1,000:1 in the presence of 10 miUimolar Tris 
buffer, pH 6-8. In all cases ti\e measurable endotoxin activity after mixing was 
reduced 85% to 995%. ' ' 

It has also been shown that anti-LPS factor proteins inhibit endotoxin-induced 
mitogenesis of murine splenocytes, Wanen, HXet alJnfect:lmmm Vol 60, 2506-13 
(1992); activation of human endothelial cells, DfeSc/CC£., :d d.^ //j/^^^ Immun., Vol 57, 
16124 (1992); and release of tumor necrosis fartoi* (Tbff human maaophages, 
Kuppermann, N., et al, /. It^ect. Dis^^Vol 170, '630-5 (1994):^^^^ A^^^^ proteins also 

inhibit the growth of rough gram-negative bacteria, Moriia, T., el dl, j. EiocJtehi, Vol 97, 
161h20 (1985). In vivo, these proteins are protedive againsf lethal Escheridiia coli 
endotoxin challenge in rats, Wflmwi^W/ N.R.,- against lethal 
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meningococcal challenge' in ■iabbite;,AfpB^^ A 4:, J;^ Infect. Dis., Vol. 165, 494-500 
(1992) or E. coli, Garcia, G.T., d al, Cri Care Med. Vol 22:8, 1211-18 (mi). Recently, 
LALF was shown to improve survival in rabbits and rats with £. coli sepas. ^ladino, 
R., et al, Ore. Shock, Vol. 42, 104-10 (1994); Kuppcrmahn, N., et al, Pediatr. Res., Vol 
31:32A(1992). 

A rat model of endotoxeniia caiised by infrction with an encapsulated strain of 
E. coli that is virulent in humans, was used to sjj\o^ LALF al a concentration of 
50n^/kg has very potent anti-endotoxitt siiitivity m i>b;' LALF blocked the lethal 
effects of endotoxin even after endotoxin had an opportunity to circulate and was 
likely to have bound to target cells; When compared with, animals treated with the 
anti-cndotoxin-monoclonal antilwdy H^-^^^ with ULF showed 

significantly lower endotoxin concentrations and jmj?roved survhral. HA-IA, while 
able to reduce circulating endotown conantratipns, d improve 
survival. Kufpermmn, Ketd, ].b^cLpis.,yg(l^^^ (1994). 

Further, it has been shown that LALF^iVen at a dose of either 2.5 or 5 mg/kg 
before lethal endotoxin challenge in rabbits, resulted in significant improvements in 
physiologic measurements and survhral: ULF attenuated the toxic effects of £. coli 
endotoxin in rabbits and improved survival, even when administered after endotoxin 
challenge. Gitrcia,C.. el al, Oit. Cm m.r Vol. 22:8, 121M« (1994). The 
administration of LALF 30 minutes after endotoxin challenge, however, had less 
protective activity than was oblamed wh^^ b«f"e endotoxin 

challenge. 

m, Antibiotics ^ective a^rn^ grdm-tiegi^roebaaeria. 

It has been discovered that anti-LK factor proteins from horseshoe crabs 
potentiate, or produce a synergy, when combined with other antibiotics known to be 
effective against gram-negative bacterial infections' According to this invention, anti- 
LPS factor proteins can be used in combination with gram-n^ antibiotics to 
produce an effective combination antibiotic for use in the treatment of gram-negative 
bacterial infections, endotoxemia and shock. 

Gram-negative antimicrobials suitable for use in the claimed combination 
antibiotics include, but are not limited to, polymyxin B, ampicillin, amoxicillin, 
penicillin G, A tetracycline, erythromycin, spectinomydn, cefoxitin, trimethoprim- 
sulfamethoxazole, chloramphenicol, rifampin, minocycline, sulfonamides, 
nitrohirantoin, gentamidn, cefamandole; ' carbeiiicilUn, ticardllin, tobramydn. 



amikacin, A cephalosporin, cefoxitin, streptoniydn/ and clindam Moreover, 
combinations may include more than one known gram-negative antibiotic and one or 
more anti-LPS factor proteins. ^ , , •^...■,..:'-u:.-- -r , \ ^ 

The discovery that anti-LPS factor proteins enhance the effectiveness of known 
antibiotics against gram-negative bacteria means that potent new antibiotics can be 
prepared using lower levels of each drug than would be necessary if either drug were 
administered alone. For illustration, polymyxin B (PMB) is a basic polypeptide 
antibiotic which has been shown to bind to, and structurally disrupt, the most toxic 
and biologically active component of endotoxin, Lipid A. PMB inhibits endotoxin 
activation of neutrophil granule release in vitro and is a potent treatment for gram- 
negative infections in hunians. It has been shown that pretreatment with PMB is 
effective in preventii^ shock and mortality in rabbits receiving a potent dose of £. colt 
LPS. Baldwin, G, et aU h Infect. Dis., yo/. 164, 542-9 (WMi However, because of its 
systemic toxicity, this driig has limited use, except as a topical agent WO 94/25476; 
WO 92/03535. According to this invention, a combination antibiotic comprising anti- 
LPS factor protein and polymyxin B^ for example, can be prepared using lower 
concentrations of the potentially toxic polymyxin B due to the synergism produced by 
the inclusion of anti-LPS factor proteia ' ' - ^ ' - 

In another illustration, LALF may be combined with polymyxin B to treat septic 
shock caused by meningococcemia. Meningococcemia is the most conunon cause of 
septic shock in otherwise healthy children, and mortality from this condition remains 
high (10%) despite intensive therapy. Experiments with a meningococcal 
lipooligosaccharide-induced [LOSJ septic shotk moder in rabbits/ showed that 
pretreatment with polymyxin B alone faileid to improve physiologic changes or 
mortality rate. Baldwin, G., d d.rpnfki: Dis.M t^^^ 542-9 (1991). By contrast, 
linmlus anti-LPS factor protein, LAIf , aghificahti^^ arterial pressure 

(MAP), arterial pH, serum bicarbonate c»hcehtratidns; and swrival even when 
administered 30 minutes after the lipboligosacchidde^^ G., /. Infect, 

Dis., Vol 165, 494-500 (19921 According to this invention; meningococceniia may be 
treated with the combination of LAIJ with: polymywn B. ' . 

It has been unexpectedly discovered that LALF effectively controls the growth 
of the gram-negative bacterium Propionibaderium acnes, which causes the common 
skin disease acne. Anti-LPS factor proteins can be used as antibiotics to treat acne 
either alone or in combination with other antibiotics such as tetiracydine, or other 
medicinals such as benzoyl peroxide that are known to control Propionibaclerium acnes. 



In *e case of acne/anti-U^ ^hir 'protems .ca^ systemically, 
topically, or via simultaneous systeniic and topical. admini|5tration. 

Therapeutic administratipn of ;the; a^^^^^^ alone, or in 

combination with gram-negahve anfikotics, may b^ performed by methods known to 
those skUled in the art including topical, intravenous; intramuscular or subcutaneous 
routes, direct delivery into an infected body cayity by infusion, and oral or rectal 
adnunislration. 

A therapeutic dose of the claimed combination antibiotics is an amount that is 
effective to inhibit the growth of granv-negative bapteria and inhibit LPS-mediated 
stimulation of neutrophils and itipnohuclear cells. As used herein, inhibit means to 
inhibit at a level that is statistiolly^sigiiifid^^^^ Th« terms 

"statistically significant" and "dose dependent" are well known to those skilled in the 

art. : ■ ■ ;^AM'-kAVi: ■ ■ 

In a preferred embodiirWnt, a theraptiuii^ly effective amount of anti-LPS 
factor protein in the present invenbori is a tpncehtratiori of between about 0.1 and 100 
milligrams anti-LPS factor protein per kilogram of body weight. Other useful ranges 
include between about ai and 1; 1 and^; W ilO an^-100 milligrams anti-LPS factor 
protein per kilogram body weight. A typical ainount is between about 10 and 50 
milligrams per kilogram body weight. 

In addition, the amourit of known gram-negative antibiotic included in the 
combination can be adjusted up or down based on known therapeutic doses and 
routine experimentation. : The therapeutically effective amounts of the claimed 
combination antibiotics may be delerrnined a^ording to known methods based on the 
effective dosages discussed above: vr; ; ,^^^^^ 



IV. m antibiotics ^toroUg^inst infections and new 

jntiwi/cotics #ctii'e ./igii^^^ comprising anii-LPS factor 

protans. . ^ V ^\ \ • ; 

Anf i-LPS pc(or proteins ^ma^inst gram-fositm bacteria. 
Anti-LPS factor proteins have been discovered to be effective antibiotics against 
a wide variety of gram-positive bacteria. Thus' this invention is directed to 
pharmaceutical compositions containing anti-LPS factor proteins and the therapeutic 
use of these anti-LPS factor protein pharmaceuticar compositions in the treabnent of 



gram-positive bacterial infections. Further, anti-LPS factor proteins can be used in 
combination antibiotics known to be effective against gram-psitive bacteria, 
including but not limited to penicillin G, erythromycin, A tetracycline, A 
cephalosporin, chloramphenicol, rifampin, aminoglycosides, vancomycin, and 
clindamycin. Pharmaceutical formulations or the administration of pharmaceutical 
compositions may include more than one anti-LPS factor protein and more than one 
antibiotic known to be effective against gram-positive bacteria. 

A therapeutic dose of anti-LPS factor proteins either alone or in combination 
with known antibiotics to control gram-positive bacterial infection, is an amount that 
is effective to kill the gram-positive bacteria and control or inhibit the spread of the 
infection. An effective therapeutic dose can be determined i)y persons of ordinary 
skill in the art using known methods. 

Anti'llS factor jnroteins effective antimycotw 

It has also been discovered that anti-LPS factor' prptieins e^^ the 
growth of yeast, for example, Candida parapibsis and C albicans. It is therefore another 
embodiment of the present invention to use ariti-LPS factor proteins as antimycotic 
agents either alone or in combination witii other antimycotics, at a tiierapeuticaliy 
effective dose to control yeast infections. There are many known antijinycotics for 
treating yeast infections that can be administered in combination with anti-LPS factor 
proteins including but not limited to: amphotericin B, clotrimazole, fluqlosine, 
grisefuhnn, haloprogin, hydroxyslilbanudihe, miconazole, nystatin, and tolnaftate. 
Combinations may be made of anti-IJS fador proteins ah^^ than one other 
antimycotic agent 

As used herein, the therapeutic doik of the daimed anti-LPS factor protein- 
containing antibiotics or antimycotics is an amount tiiat is effective to inhibit the 
growth of gram-positive bacteria or yeast In, an embodiment, a therapeutically 
effective amount of anti-LPS factor protein is a concentration of between about 0.1 and 
100 milligrams anti-LPS factor protein per kilogirani of body weight Other useful 
ranges include between about 0.1 and 1; 1 and 10; and 10 and 100 milligrams anti-LPS 
factor protein per kilogram body weight A typical amount is between about 10 and 
50 milligrams per kilogram body weight 

The amount of known antibiotic or antimycotic agent included in the 
combination formulation can be adjusted up or down based on known therapeutic 
doses and routine experimentation. The therapeutically effective amounts of tiie 



claimed antibiotics and antimycoBd may l^te to known methods 

based on the effective dosages given above ' . ; > ;;, 

V. ?repar(dm of PiumaaulkalCpnj^QSjiim^ ' 2': 
The phannaceuticd compcKiliOTs . ro^^ proteins of the 

present invention can be' administered, either :ai(^ ot in combination wUh other 
known drugs in vivo in a pharm^i^^ufically or W^^^ carrier. If 

necessary, an adjuvant to facilitate absorbtion may be included in the formulation. 

The term "carrier" as used herein means a spthetic or natural, inorganic or 
organic substance which is added to tive endotoxin binding protein of the present 
invention to assist the active ingredient in reaching the ldcation to be treated therewith 
and to facilitate storage, transportation and handling of the active ingredient. 

Among suitable Uquid carriers; ;there i^^ included aromatic hydrocarbons 
such as benzene, tohiene,and xylcnef^;^h^r^^ such as mineral oil and 
the Uke; halogenated hydrocMbons such ^as '^c^ chloroform, 
dichloroethane and the like; ketones siith as ^^^^^^^^ ketone, etc.; ethers 

such as dioxane, tetrahydrofurih and iiejlik^ methanol propanol, 

ethylene glycol and the like; or dirnethyl formam^ water, etc 

Mixtures of any number of liquid carriW are al^^^ Dissolution of 

lyophilized anti-LPS factor proteins iri unbuffered pyrpgen-free distilled water or 
saline or phosphate buffered saline, can be achieved by adjusting the pH untU the 
solution becomes water clear. For this reason, the preferred liquid carrier is pyrogen- 
free distilled water or saline adjusted to the appropriate pH to fedlitate solubility of 
the anti-LPS factor proteins. 

In order to enhance the effectiveness of the compound according to this 
invention, it is possible to use such adjuvants as given below, either singly or in 
combination, in accordance with Ae jn^pose of each app^ thereof while takmg 
into consideration the fonn of their preparation imd their field 

Exemplary adjuvants may include anionic surfactants such as alkyt sulfates, 
aryl sulfonates, succinates, polyethylene; glycol, alkyl ether sulfates, and the like; 
cationic surfactants such as alkylminesi polyoxyethyl'eh^^ alkylamines, etc.; non-.omc 
surfactants such as polyoxyethylene glycol ethers': p^^^^^^ i¥o^ 
polyol esters and the like; aid amphoteric surfactants Encapsulation or 
miaoencapsulation of the active ingredient in liposome vesicles is also withm the 
scope of this invention. 
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Examples of stabilizers, thickeners, lubricants and the like are isopropyl 
hydrogen-phosphate, calcium stearate, wax, casein, sodium alginate, serum albumin, 
other blood proteins, meth)dcellulose, carboxymethylcellulose, gum arable, etc It 
should be kept in mind that these ingredients are not limited to the recited examples. 

Solutions or suspensions containing anii-LPS factor proteins may also include 
the following components: a sterile diluent such as water for injecHon, saline solution, 
oils, polyethjdene glycols, glycerin, propylene glycol or other synthetic solvents; 
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic add or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of 
tonicity such as sodium chloride or dextrose!.- The pcureto preparation can be 
enclosed in ampules, disposable syringes or multiple baise vials made of glass or 
plastic. 

Specific indications or diseases that may be treated by the anti-LPS factor 
proteins, or combination antibiotics that include anti-LPS factor proteins, include but 
are not limited to acne, septicenua, toxic shock, gram-negative bacterial infections, 
endotoxin-related arthritis, gonorrhea, periodontal disease; spinal meningitis, 
infections of amniotic fluid, gram-positive bacterial infections, yeast infections, and 
moldgrowth, 

VI Prepmtion of pliarmceutical compositions suitable for topical use comprising 
anti'lPSpctor proteins. ' ' 

In addition to systemic admihistafation, it is also within the scope of this invention 
to formulate anti-LPS factor proteins into ptemaceUtic^ for 
topical use to promote wound healing or to treat' va^M yeast infections. Topically 
applied anti-LPS factor proteins, either aloiie or in combination With other antimicrobials, 
can prevent or control gram-negative and gram-positive bacterial infections, yeast 
infections and the growth of mold. 

A preferred embodiment includes topical formulations of anti-LPS factor protein 
alone or in combination with known antibiotics or antimycotics, suitable for application 
to incisions or exposed tissue for the prpmotiph pt wound healing by curing or 
preventing bacterial or yeast infections. In another embodiiherit, aiiti-LPS factor proteins 
are fonnulated into suppositories to treat vaginal yeast infections. . 

There are no Lmitations as to the, type of wound or other traumata that can be 
treated, and these include: first, second arid tWrd degree biirhs, especially second and 
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third degree; epidermal and internal surgical incisions; including those of cosmetic sur- 
gery; wounds, induding. lacerations, ind?i6K and epidermal ulcers 
induding decubital (bed sores), didbetic,; dje^ and varicose. 

Anti-LPS factor proteih cbnipositjbns ari^Jlp^^^ iii ^o"" °^ ^ 

irrigant, preferably in combination with a;physi6lpgical salin^ ^lution, or in the form of 
ointments or suspensions, preferably iii combination with purified collagen. The compo- 
sitions may also be impregnated into transderrnd patches, plasters, bandages, or sterile 
implants preferably in a liquid or senu^iqujiflf^ .. . ^ . j ,. 

A therapeutically effective dose of anti-li^ ff^^^ is a dose that inhibits 
the growth of bacteria/ yeast, an4 raold wh^^ range of acceptable 

doses of anti-LPS factor proteins for topical a^pUcation indudes between about 0.01 and 
10 weight percent. Where known antibiotic or antimycotic agents are combined with 
anti-LPS fador proteins, their concentration can be varied up or down based on the range 
of known dinically acceptable concentrations for these drugs. 

Initial dosing of anH-LPS factor protein either alone or in combination with other 
agents, should be delivered topica^l^Jo Se th^ a concentration of about 0.5 

weight percent. This dose can ^^i}ete0i0^ down in line with dinical 
experience. Continued application or p^dic reapplication of the compositions is indi- 
cated. The dinidan will be exited to modify; the dosage in accordance with dinical 

experience. ' ; ■ ' 

In a preferred embodiment, anti-LPS factor proteins are topically applied at a 
concentration of between about O.Orand 10 'wwg^^ a pharmaceutically 

acceptable carrier. Other preferred>nd)odiments mdude ^ at concentrations 
of between about 0:i aiid 1; 1 arid 2; J ar^d 5; 5 ancfearid 7 and 10 weight percent; most 
preferred is between about 1 and 2 weight percent. 

Vll. Use cfanli-lPS factor protans as an antmmbMjnesemtm either alone or in 
cotnbimitionwtkmventionaljnreseroatm: 

Endotoxin is shed from living baderia and is also released into the environment 
when bacteria die and decompose: '^nce g^ bacteria are found in great 
numbers in air, water, and i^il^ b^deriat^ contaminates raw 

materials and processing equipment used in the manufachiring of cosmetics and skin or 
hair preparations. Contamuwtion by gram-^^^^^^ and mold is also 

common. 
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l\ns invention is also directed to a new preservative for use in topically applied 
cosmetics and skin or hair preparations that inhibits and controls the growth of a wide 
variety of microbial contaminants. 

Preservatives are typically employed in cosmetics arid skin and hair preparations 
because they are usually manufactured under clean/ but non-sterile conditions. The 
preservatives are used to prevent the growth of microbes including bacteria, yeast and 
mold. A sufficient quantity of one or m6re:pre!se^vatives ^ typically ad^ that the 
cosmetic or preparation resists the growth of barteria froni ah experiment^ inoculation 
for extended periods of time. 

There is a need for new, effective preservatives in the cosmetic industry. Many 
consumers have been sensitized to currently available preservatives and have developed 
allergic reactions. It has been discovered that relatively low doses of anti-LPS factor 
proteins act as preservatives by preventing or suppressing the growth of a broad range of 
gram-negative and gram-positive bacteria as well as some yeasts and mold/for extended 
periods of time. " ■ ; ^ • 

Anti-LPS factor proteins cari be used ailon^ or in combinati^ with known 
preservatives in topically applied cosmetics, or skin or hair preparations. The cosmetics 
and skin or hair preparations may be powders, creams, lotions, or gels. Some 
preservatives that are typically used are ' iihidazoiidiny^ sodium hydroxy 
methylglycinate, diazolidinyl urea, glyoxyl diiireide, chidrphenesin, methylparaben, an 
ester of p-hydroxy-benzoic acid, chlbro-miethyl-^ 

phenyoxyethanol, hexetidine, chlorthhexydinglUcohatie,! and ' the parabens: butyl, 
isobutyl, methyl, propyl, and isopropyl. Another commercially available preservative 
that may be used in combination with anti-LPS factor protein is known as PHENONIP™ 
which is a practically colorless, viscous, liquid mixture of phenoxyethanol, 
methylparaben, ethylparaben, propylparabeh> and butylparaben available from Nipa 
Laboratories, Inc., Wilmington, Del. V 

The anti-LPS factor proteins appear tb act as potentiators of preservatives used in 
cosmetics and skin and hair preparations.. By using anti-LPS factor protein as a 
preservative in a cosmetic or a skin or hair preparation, the concentration of previously 
known preservatives may be reduced or eliminated. Thus, anti-LPS factor proteins not 
only act as preservatives, they also nunirriize the antigenicity of the cosmetic or lotion by 
replacing commonly used preservatives to Which soine consumers have become 
sensitized. Anti-LPS factor proteins also neufraUze endpt is another source of 

antigenicity. * : ' ; ■ - :.';t/r- • . 
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The amount of anti-LPS factor protieih that may used as a preservative varies 
from between about 0.005 and 5 weight percent of the' cosmetic or lotion. It is prefened 
that the lowest effective amount of ariti-LPS factor protein be used to prevent 
sensitization of the user to anti-LPS factor protein. This amount can be determined by 
routine experimentation and it will vary according to whether anti-LPS factor protein is 
used alone or in combination with other preseryatiYes. The amount used will also 
depend upon the formulation of the'cpsmeiic^^^^ arid the storage conditions. 

In a preferred einbbdiment, anthLK factor; protein i? present as a preservative at a 
concentration of between about 0.Q05 and a01;.Q.01 and 0.1; 0,1 and 1; 1 and 2; or 2 and 5 
weight percent with the most prejferred bemg betwe«^^ abput O.01 and 1 weight percent. 

Various aspects of the invention are Ultistiraied in Ae following examples to aid in 
understanding the invention, wluch is riot intended to tie- bmiting. 

EXAMPLES 

Example 1: Expression and Purificadon of recombinant LALF in PicWa. 
Fermentation: LALF protein expression in Pidik 

The gene encoding ULF is shown in Rgure 1, SEQ ID N0:1. The LALF gene has 
been cloned into the Pkhia pPOK vector as an in-frame fusion with the alpha mating 
factor seaetion signal. Tlie gene encoding LALF (SEQ ID NQ.!) was synthesized by 
Genosys, Inc. The design of the jsy#?^^^ goK was based on the sequence of the 
deduced amino acid sequence from the'natiye LALF protein sequence. Codons were 
chosen which optimize expression in yeast {based on Sacdmomfces cereoisiae). The amino 
terminal sequence, N-Asp-Gly-Ile-Trp-Thr, is ideaUy suited for conect cleavage of the 
yeast alpha mating factor secretion signal. The gene was modified using PCR 
mutagenesis to incorporate 5' doning sites that juxtapose the codon for the N-terminal 
Asp residue found in the mahHc ULF with the codon for the last amino acid residue in 
the yeast alpha mating factor secretion signal. Kex2-Uke protease cleavage of the fusion 
protein generates a secreted, mature, native form of the LALF protein. 

Expression is driven by the Pidiw methanol-inducible AOXl promoter. The 
Sacdmomyces cermsiae a-factor prepro leader peptide, present on the expressed protein 
as an N-terminal fusion, targets the protein for secretion into the media and is cleaved off 
in the procas. Expression of the protein of interest is induced by growing the His+ 
recombinant strain in methanol-contairiing media. Scorer, CA, et al. Gene, Vol 136, 111-19 
(1993); Scorer, CA, eld-medm^Mn,m-i (1994). 
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Filtration: The media containing- the seaeted protein, is, clarified by hollow fiber 
diafiltration (0.45 nucron, A/G Technologies) at high flow rate (1-5 liters/min.) and low 
back pressure {5-10 psi). * , ' 

Ultrafiltration: The first purificatiori step' is achifeved>b collecting the filtrate 
from a 30,000 Dalton cut-off tangential flow ultrafiltration membrane cassette. This 
filtrate is concentrated by a 8,000 dalton cut-off membrane, achieving a rapid size 
exclusion. 

Chromatography: Concentrated 8-30,000 dalton crude LALF is loaded onto a 
cation exchange column. After extensive washing with Phosphate Buffered Saline (PBS), 
a linear gradient of NaCl, Ol Molar in PBS is used to elute the purified LALF. The 
eluate may be desalted by ultrafiltration, or if necessary, a second step purification by 
reversed-phase chromatography may be perforined. The high-salt peak is loaded directly 
on the column and eluted wiA a Unear; gradient of 0^^^ isopropanol, 0.1% 
Trifluoroacetic acid. It is preferable to freeze, lyophilize and store the purified LALF at 
20X until used. - ' ''V^^' - : .' 

Example 2: The combination of LALF with; polymyxin B produces a synergistic effect 
agamst gram-negative bactena. v . 

E. colt cells were culhired overnight at 3fC ia Kfcb Liiria Broth (LB). Aliquots 
were diluted 1:100 in fresh LB (control). LB plus polymyxin B (PMB) was serially diluted 
from 0.25 micrograms/ml to 0.001 micrograms/ml. LB plus LALF was formulated at 
concentrations firom 20 to 0.07 micrograms/ml. Combinations of polymyxin B and LALF 
were formulated as indicated in Figure 2. Optical density was recorded at 410 nm during 
the course of the experiment / ; 

Figure 2A shows the inhibitory effect of polymyxin B by itself on £. colt at 
concentrations ranging from 0.001 to 0.25 miaograrns/M A^ bne dilutes the antibiotic, 
the growth of the £. coli, as measured by ppticd density, incre A concentration of 
0.06 micrograms PMB/ml was chosen for tiie sub^^^^^^^ LALF combination experiments 
shown in Figure 2B because 0.06 mcrpgranas, PMB ,i^ slightiy effective 
(approximately 20% inhibition of growth) against E colL 

Figure 2B shows that tiie additibnldf synergistic 
antibiotic effect on the growth of gram-negative bacteria.: of PMB is 

held constant at 0.06 miaograms/ml throughout the experiment. The level of growth of 
E, coU allowed by 0.06 micrograms/ml PMB alone is diown by the dashed line. The 



antibiotic effect of LALF alone at cpnccritealioiK rjmgitig'from 20 to 0.07 micrograms/ ml, 
is indicated by the solid black bars]';' ^ 'vv( ; r ;, ■. 

To test the potentiation of the antibiotic: effect:.iof PMB by LALF, a combination 
antibiotic was formed compriising' 0;Q6 microgVams/ml polymyxin B and various 
concentrations of LALF ranging from 20 to 0.07 micrograms/ml. The level of growth of 
E. coli in the combined antibiotic PMB/LALF is indicated by the cross-hatched bars. The 
results show that LALF across a broad range of concentrations produces a synergistic 
effect when combined with 0.06 micrograms/ml PMB. 

Example 3: The combination, of LAL|-, synergistic effect 

against gim-negativebaderia.;;:-';^";;;-t^^ 

It has also been discovered ;tHit^^i^ vitro synergism in 

controlling gram-negative bacteria when'comb ampicillin, a well 

known semisynthetic, acid-resistant i^^^^^ 

E. coli cells were adtured^OT^^ Broth (LB). Aliquots 

were diluted 1:100 in fresh LB (cbi\troi). Test samples^ of LB plus ampicillin at 

2.5 micrograms/ml; LB plus LAU'it 2.5^^^^^^ 4ucrograms/ml; and combinations of 2.5 
miaograms/ml ampicillin and either 2.5 or 5.0 micrograms/ml LALF. Optical density 
was recorded at 410 nm during the course of the experiment 

The combiiwtion of 2.5 microgfams/ml LALF and 2.5 miaograms/ml ampicillin, 
produced a synergistic effect in inhibiting Ae growth of E. coli. 

Example 4: LALF is an effective antibiotic igaiiist Pmpionibacterium acnes. 

The antibiotic effect of reipmbin^t^^ against Propionibacterium 

acnes, the bacterium that cauMs' ^ri?, i^m^ method. Petri dishes 

were filled with sterile nutrient agar fdlowirig;standard liucrobiological procedures. The 
nutrient agar-filled dishes were aUpwcd to fOfol and harden before being inoculated with 
test bacteria. Using a sterile swab, the-siff^ace of 4e p^^^^^ were inoculated with a 
culture of PropionMcterim flcn^, Ar(:C 1^0/11827 had grown overnight at 3rC. 

Sterile filter paper discs (4rnm, Whatmjui) were treated with 10 microliters of 
aqueous solutions of (1) recombinaht LALF ati a concentration of 1 mg/ml: the test 
sample; (2) benzoyl peroxide at a concenttatton of 0.05%: the positive conhrol; or (3) 
sterile saline: the negative control. Benzoyl peroxide serves as a positive control because 
it is known to inhibit the growth of Tropionibacterim acnes. 
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The treated filter paper discs were incubated oyernight at 37"C. Incubation in 
LALF produced a zone of inhibition around the^ test sample Having a diameter of 4-5mm. 
Incubation in benzoyl peroxide (the positive control) produced a zone of inhibition 
having a diameter of 10-11 mm. The negative control treated with sterile saline had no 
zone of inhibition. These results show that recombinant LALF is an effective antibiotic 
digmslPropionibactmum acnes. 

Example 5: LALF is an effective antibiotic against gram-positive bacteria. 

Uncharacterized gram-positive, bact^ia. isolated from marine organisms, were 
cultured overnight at 3TC in Difco Luria Broth (LB). Aliquots were diluted 1:100 in fresh 
LB (control). Test samples consisted of LB plus LALF at 2.5 and 5.0 micrograms/ml. 
Optical density was recorded at 410 nm during the course of the experiment to monitor 
the growth of gram-positive bacteria. 

Figure 4 shows that LALF at concentrations of either 2.5 or . 5 miaogranw/ml is 
effective at inhibiting the growth of gram-positive bacteria; over the five hour course of 
the experiment 

Example 6: LALF is an effective antimicrobial preservative in topically applied 
cosmetics and lotions against a broad spectrum of microbes. 

Challenge nucroorganisms were prepared as pools of related organisms which 
were grown in the appropriate medium. The cell number was quantitated by serial 
dilution: ' ' ' ' ■ ' — 



Table I 



Pooll Pooi2 Pools 

(Gram-negative) (Granv-negative) (Gram-positive) 

Escheriscmacoli Pseudompnascepacia. . , Staph. epidermidis 

Enterobacter gergorise P. putida. ; ' ' , "v- ', ;V'^ ^ Staph: aeureus 

Eaeglomerans P.statzeri^ ■ ■ • * . ; 

30 KleKiella pneumoniae P.aeruginoss 

Pool 4 Pools 

(Yeast) (Mold) 

Candida parapilosis Aspergillus niger 
C albicans 
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An oil in water emulsion was prepared comprised of the foUowirig ingredients: 
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mm 



Cetyl alcohol (fatty alcohol)' 1.65 g " 

Glycerol stearate ; ' ' :^»'-:i'?" -j -;y ;f:^^;'1.65 ^.M^^ 

Ariacel 165 (surfactant) ; W'^-^-'^.-^^;: r.' .; 

Dehydag wax (surfactant) - , ■ ' • ; ? ■ v J 1-lQ 

Softisan 378 (triglyceride/oil) i : y> V-SO;^ . <, 

Silicone 200/100 ' -40 . 

CetiolLC ■• ; • -r- 3:60 

Tween40 (emulsifier) . .66 

AriaceUO ' -44 



Dl Water (distilled) 7i00 
'° 1.3Btgly 6-00 

EDTA (chelator) 



:10 



For control experiments, the foiwula was prepared as above. To test anti-LPS 
antibiotic activity, LALF was added ta:the?erK)^ a concentration of 0.01 

weight percent,. with appropriateadjiustinCT^^^^^ 

15 Control and anti-LPS emulsions Were spiked with 10^ viable cdls from each of the 

five microorganism pools. Cell humberiwis qd4ntitated*y,>erial .diluUon. The number 
of viable microbial cells was detenruhS by' plafetc^^^ of the initial spike, 

and at weekly intervals up to 8 weeks. The riuinijer of yiable cells was determined by 
taking an aliquot from the sample, diluting it and culhiring it so that colonies arising 

20 from individual cells could be coiinted, After, obt^ning an aliquot for testing at Week 3, 

miaobes were re-spiked to initizd levels as indicated in Table IE 



Table ni: 



Results: 

" LAIF Emulsion 



30 



Pools ffi ^m^^]m^ ^iA ^ ^ 

1 60~" <1.0 .• /^<1.0 ■ 27 <1.0 <1.0 <1.0 

2 60 <1X) ■'<1.0^^;;?:W.^/m^ <1G <l-0 <l-0 

3 60 32 <l.O <1.0 ; 3.0 , <i.a <1.0 <1.0 <1.0 

4 60 <1.0 <1.0 <l-0 -S-O . <L0 ; <1.0 1.7 <1.0 

5 50 50 3.0 ' ' 18^ ": 2:7 - <1.0 3.0 2.7 
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Control: 



Pools 


(spike) 
Initial 


Wkl 


Wk2 


(spike) 
Wk3 


Wk4 


Wk5 


Wk6 Wk7 


Wk8 


1 


6.0 


6.0 


3.0 


<1.0 


6.0 


6.0 


6.0 


6.0 


2 


6.0 


6.0 


2.0 


<1.0 


6.0 


6.0 


6.0 


6.0 


3 


6.0 


6.0 


23 


2.6 


6.0 


6.0 


6.0 


6.0 


4 


6.0 


6.0 


1.7 


<1.0 • 


6.0' 


6.0 


6.0 


6.0 


5 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 . 


5.0 


5.0 



The results of this example show that LALF is an effective antinuaobial preserva- 
tive in topically apphed cosmetics and lotions. LALF at a relatively low concentration of 
0.01 percent (weight/ volume), was able to kill a wide spectrum of bacteria and prevent 
their regrowth over an eight week period, even wheri th^e;emulsion was re-spike with 
bacteria at three weeks. LALF was also effective at kilBng and preventi the regrowth 
of the yeasts Candida pmpilosis and albicans. While LALF was less effective against the 
mold Aspergillus niger than against bacteria and yeast, it nonetheless limited the growth 
of mold. LALF therefore acted as a mycostatic agent with respect to mold while it more 
aggressively controls the growth of bacteria and yeasL 

Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity and understanding, it will be obvious to 
one of skill in the art that certain changes and rhodifications may be practiced within the 
scope of the appended claims. 
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matlsCkimedls: 

1. A pharmaceutical romp comprising one or more anti-LPS factor 
proteins and one or iriore antibiotics together.With carrier. 

2. The phannaceutical cornppsition of claim 1; wherein said antibiotic is 
effective against gram-negative baderial in^^ . : , 

3. The pharmaceutical composition of daim 1, wherein said antibiotic is 
effective against gram-positive bacterial infection^^ 

4. A pharmaceutical composition, comprising one or more anti-LPS factor 
proteins and one or more antimycotics together with a pharmaceutically acceptable 
canier. 

5. A method for treating grajii-negati^^^^ infections, comprising 
administering to a patient a toerapeuticadly e^^^^ of one or more anti-LPS 
factor proteins and one or more antibiotics known to be effective against gram-negative 
bacterial infections. , ; ■ v V 

6. A method for treating skin acne, comprising administering to a patient an 
effective amount of one or more anti-LPS factor proteins: 

7. The method of claim e^ hirther ^ comprising administering one or more 
antibiotics known to be effective against acne. 

8. A method for treating gram-positive bacterial infections, comprising 
administering to a patient a therapeutically effective amount of one or more anti-LPS 
factor proteins. v ; 

9. The method of dairn' ^ivW^ n\ethod further comprises 
administering to a patient a therapeutically effective amount of one or more antibiotics 
known to be effective against gram-psitive bacterial infections. 
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10. A method for treating yeast infections, comprising administering to a 
patient a therapeutically effective amount of one or more anti-LPS factor proteins. 

11. The method of claim 10, wherein said method further comprises 
administering to a patient a therapeutically effective amount of one or more antimycotic 
known to be effective against gram-positive bacterial infections. 

12. A cosmetic or skin or hair preparation, comprising one or more anti-LPS 
factor proteins in an amount effective as an antimicrobial preservative. 

13. A preservative for use in cosmetic or skin or hair preparations, comprising 
one or more anti-LPS factor proteins. 

14. The preservative of daim 13, wherein said anti-LPS factor protein is present 
in an amount sufficient to inhibit the growth of bacteria, yeast and mold; 

15. The method of preserving a cosmetic or skin or hair preparation, 
compriang adding an effective amount of one or more ariti-LPS factor proteins as an 
antimiaobial preservative, either alone or In combinatioh with one or more 
preservatives. 
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GAT GGT ATT TG6 ACT CAA, TTG:;ATT:m.ACT TTG GTT AAT AAT TTG GCT 
Asp 61y lie Trp Thr Gin LeuJ-Ile Phe-Thr.:U^ Val Asn Asn Leu Ala 

1 5.. ■■•\ ;;-:;io ., ■ 15 

ACT TTG TGG CAA TCT: GGP'GAT »;-G^>fe;ifG GAT CAT GAA TGT CAT 
Thr Leu Trp Gin Ser Gly Asp . Phe GTn'Phe' Leu Asp His Glu Cys His 

30 

TAT AGA ATT AAA CCA ACT m AGA' AGA TTG AAA TGG AAA TAT AAA GGT 
Tyr Arg He Lys Pro Thr Phe Arg Arg Leti Lys Trp Lys Tyr Lys Glv 
35 . 40 ^ , 45 

AAA TTT TGG TGT CCA TCT TGG ACT TCT ATT ACT GGT AGA GCT ACT AAA 
Lys Phe Trp Cys Pro Ser Trp Thr Ser He Thr Gly Arg Ala Thr Lvs 
50 . 55 60 



TCT TCT AGA TCT GGT GCT GTT . GAA CAT TCT GH AGA AAT TTT GTT GGT 
Ser Ser Arg Ser Gly Ala Val Glu His Ser Val Arg Asn Phe Val Gly 

70 :::>v^:= >:-:-75 80 



CM GCT AAA TCT TCT GGT, TTG ATT ACT GAA AGA CAA GCT GAA CAA TTT 
Gin Ala Lys Ser Ser Gly Leu jTe fhr .Gln. Arg. Gin Ala Glu Gin Phe 
85 90 . 95 

ATT TCT CAA TAT AAT . . , ,. .„ 

He Ser Gin Tyr Asn 

100 ' ^" 
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